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摘   要 
纳米团簇是指组成和结构确定的超小纳米粒子。与一般纳米颗粒相比，纳米
团簇的量子尺寸效应、绝对单分散性、原子组成和结构确定等特征，使其在催化、
生物传感、分子器件、光学、电学等方面具有广泛应用。 
纳米团簇确定的结构和组成有利于性质和结构的完美关联；为理论计算认识
电子结构提供模型；作为模型催化剂，对催化机理研究以及指导设计合成催化剂
具有重要意义。币金属纳米团簇存在合成产率低、稳定性差、合成办法和配体单
一、结构模型还不够多以及研究不够系统深入等问题，严重制约纳米团簇的发展。 
针对制约币金属纳米团簇发展的问题，本论文从提高团簇稳定性、增加团簇
多样性以及团簇在催化中的应用等方面展开研究，主要内容及创新点如下： 
通过配体设计修饰，合成具有多配位点的 PhPpy2 配体，增加了单膦配体配
位多样性，有利于合成结构多样的纳米团簇；首次合成并采用单晶 X 射线衍射
测定了以 Au11 为构筑单元的 Au20 纳米团簇，通过阴离子交换定性认识团簇表面
的活性中心；采用 PP3多膦配体，首次合成并采用单晶 X 射线衍射确定了具有手
性无机金属核的 Au20 纳米团簇。对比研究团簇原子掺杂单晶结构以及对团簇电
子光谱和荧光性质的影响，从原子水平认识原子掺杂行为以及具体原子对性质的
影响。利用配体多齿螯合作用，币金属纳米团簇稳定性均得到明显提高。 
创新性的采用直接还原前驱体法，精确控制配体和金属之间比例。成功合成、
分离并采用单晶 X 射线衍射测定了系列含炔配体保护的 Au、Au/Ag、Au/Cu 纳
米团簇，发现 PhC≡C 在团簇表面以 V 形 PhC≡C-Au-(PhC2)-Au-C≡CPh“订书钉”、
L 形或线性 PhC≡C-Au-C≡CPh “订书钉”以及简单“桥”结构形式存在，且 PhC≡C
通过 σ-π 键与金属中心作用，说明“订书钉”结构在炔配体保护的 Au 纳米团簇表
面具有普遍性；理论计算表明 PhC≡C 会参与团簇前线轨道杂化。不同配体保护
的 Au 纳米团簇，尽管具有相同金属原子数却有截然不同的几何结构，说明配体
影响并决定团簇结构。合成了强近红外发光(QY=12%)的含炔配体保护的 Au24 纳
米团簇，理论计算认识了团簇前线轨道和具体发光来源。炔配体保护的 Au/Ag 或
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Au/Cu 双金属纳米团簇均有多级层状结构特征，但是与 Au/Ag 双金属纳米团簇
相比，RC≡C 在 Au/Cu 双金属纳米团簇表面具有更加丰富多样的配位形式。 
同样采用直接还原法，成功拓展了膦硫共保护的 Au 纳米团簇体系，合成、
分离并单晶 X 射线衍射测定了结构多样的膦硫共保护 Au 纳米团簇。对比研究了
Cl对团簇合成的影响。单晶X射线衍射测定了仅仅基于配体差异的金纳米团簇，
为研究配体对团簇性质的影响提供理想模型。 
系统研究了仅仅基于配体差异的 Au38 纳米团簇对催化炔烃选择性加氢到烯
烃的影响，发现炔配体保护的 Au38 具有很高催化炔烃加氢活性，而硫醇配体保
护的 Au38 基本没有活性。根据团簇表面及底物空间位阻，认为 Au38 催化非末端
炔烃加氢是 H2 活化的过程而非炔活化过程。表明催化剂的表面修饰不仅要考虑
是否修饰还要考虑怎样修饰。 
关键词：配体，币金属，纳米团簇，结构，性质，催化 
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Abstract 
Nanoclusters are ultrasmall nanoparticles with precise composition and well-
defined structures. In comparison with nanoparticles, nanoclusters are special because 
of their discrete energy levels, monodispersity, atomically precise structures. Metal 
nanoclusters have wide applications in catalysis, biosensors and molecular devices etc.  
Nanoclusters can offer models for theoretical calculation to assist in understanding 
the electronic structure, and they are helpful in studying catalytic mechanisms, 
designing and synthesizing catalysts. The barriers that hinder the development of 
nanocluster chemistry are low yields, low stability, and limited structural models. 
In order to solver the above-mentioned problems, this dissertation focuses on 
increasing the stability and generating the diversity of nanoclusters, and testing their 
application in catalysis. 
We used multidentate ligand (PhPpy2) as a protection in synthesizing gold 
nanoclusters. For the first time, we reported a structurally determined Au20 cluster that 
consists of two Au11 units.  Secondly, by using a tetradentate ligand PP3, we 
synthesized a new type of Au20 nanocluster featuring chiral inorganic metal kernel. By 
comparing the structures and optical properties of doped and undoped nanoclusters, we 
can understand the role of the doped atoms at atom level. 
We developed a direct reduction method to prepare alkynyl-protected gold 
nanoclusters. We could precisely control the ratios between ligands and metals by using 
neat gold compounds as precursors. A series of alkynyl-protected Au, Au/Ag, Au/Cu 
nanoclusters have been synthesized and structurally determined. We found that the 
coordination manners of PhC≡C on the surface of nanoclusters include V shaped 
PhC≡C-Au-(PhC2)-Au-C≡CPh “staple”, L shaped hC≡C-Au-C≡CPh “staple”, and 
simple bridge motifs, all through the σ-π bonds between the PhC≡C groups and metal 
atoms. It indicates that the “staple” unit maybe a common motif in nanoclusters. In 
addition, theoretical calculation suggested that the PhC≡C groups actively participate 
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in the frontier orbitals of the whole nanocluster. We found that ligands could influence 
and even determine the formation of the cluster structures. We also reported an alkynyl-
protected Au24 cluster emitting near infrared (NIR) light (QY=12%) under irradiation, 
and we studied the frontier orbitals and the origin of NIR by theoretical calculation. In 
general, both of the alkynyl protected Au/Ag and Au/Cu nanoclusters are made up shell 
by shell. Compared with Au/Ag nanoclusters, the binding modes of the RC≡C in Au/Cu 
nanoclusters are more complex.  
The direct reduction method also can be used in synthesizing a series of thiolate 
and phosphine co-protected gold nanoclusters. Meanwhile, we studied the effect of Cl 
in synthesis, and synthesized two new Au38 clusters. These two isostructural 
nanoclusters can be served as an ideal model in studying the effect of ligands. 
In the end, we investigated the catalytic performance of two Au38 nanoclusters 
with different protecting ligands in the semhydrogenation of alkynes to alkenes. We 
found that the alkynyl-protected Au38 would promote the reaction, however, the 
thiolated Au38 did not work, which emphasizes the importance of ligand. When 
considering the steric effect, the hydrogenation of internal alkynes is a process of 
activation of H2 rather than alkynes. 
Keywords: ligand, coinage metal, nanocluster, structure, property, catalysis 
 
  
厦
门
大
学
博
硕
士
论
文
摘
要
库
Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
